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METHOD AND APPARATUS FOR
DETERMINING PRESENCE AND

OPERATION OF COMPONENTS IN A
PRINTED CIRCUIT BOARD

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation -in -part application of
application, U.S. Ser. No. 15/428,948, filed on 9 Feb. 2017,
which claims the benefit of U.S. Provisional Patent Appli-
cation Ser. No. 62/293,139, filed 9 Feb. 2016. The co -
pending parent applications are hereby incorporated by
reference herein and is made a part hereof, including but not
limited to those portions which specifically appear herein-
after.

This application also claims the benefit of U.S. Provi-
sional patent application Ser. No. 62/375,733, filed on 16
Aug. 2016. The co-pending Provisional Application is
hereby incorporated by reference herein in its entirety and is
made a part hereof, including but not limited to those
portions which specifically appear hereinafter.

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a method and apparatus for
testing for the presence, brightness and/or color of compo-
nents in a printed circuit board, where the components are
biased either with constant current or with a current pulse.

Description of Related Art

Printed circuit boards typically contain multiple compo-
nents including: light emitting diodes (LEDs), resistors,
capacitors, diodes, fuses, processors, and similar such com-
ponents. Typically, verification of the presence of such
components in a printed circuit board required powering up
a fully rendered printed circuit board and manually verifying
the presence of the correct components. Alternatively, a test
fixture may be constructed including bulky and expensive
fiber optics that extend between the printed circuit board to
be tested and a test system.

Verification of the presence and operation of LEDs within
a printed circuit board may be accomplished without a
power supply such as described in U.S. Pat. No. 6,490,037,
issued to Schmitt, which is hereby incorporated by reference
in its entirety in a manner consistent with the present
document. Further, verification of the presence and opera-
tion of LEDs within a printed circuit board may be accom-
plished such as described in U.S. Pat. Nos. 7,023,554;
7,227,639; and 7,265,822, each issued to Schmitt, which are
also each hereby incorporated by reference in their entirety
in a manner consistent with the present document. However,
these known methods require a constant current for a
sampling period.

Determination of the color and brightness of the compo-
nents, include LEDs, beyond mere verification, typically
requires extensive calibration and set-up to align sensors
with the components and run the wiring necessary for
sending numerous signals to determine such parameters of
the components.

SUMMARY OF THE INVENTION

A method and apparatus for determination of presence,
brightness and/or color of components in a printed circuit

N
board according to a preferred embodiment of this invention
eliminates much of the time-consuming and costly proce-
dures required by manual determination and the equally
costly test fixtures requiring time -intensive and complex

5 set-up and calibration. For ease of explanation, the following
description will primarily refer to LEDs however other
components may be used with the method and apparatus of
this invention.

The method and apparatus of this invention allows for
10 testing for the presence, brightness and/or color of an LED

in a printed circuit board, where the LED is biased with a
constant current or with a current pulse while avoiding the
time-consuming and costly procedures of previously known
methods.

15 The apparatus according to a preferred embodiment of
this invention preferably includes an enclosure module
device that includes multiple sensors attached to fiber optic
cables having a plurality of color receptors in a simple, easy
to mount assembly. The device for determining at least one

20 of a presence, a brightness and a color of components in
printed circuit board preferably includes the sensors
arranged within a housing or similar structure, hereinafter
referred as module.

An input of the module may comprise either a USB or a
25 serial connection. In a preferred embodiment, a command is

provided to the module through a USB or serial cable, the
module then samples a requested color sensor attached to
fiber optic cables. The module sends back a color and/or an
intensity reading back via the USB or the serial connection.

30 The module will also update output pins with proper fre-
quency (in Hz) and voltage (in volts) readings for compo-
nent color and a voltage reading for the component intensity.

Accordingly, a method for testing for the presence, color
and/or brightness of the component is described in addi-

35 tional detail below. Such method accomplishes readings of
presence, color and/or brightness at a much higher speed and
higher accuracy than prior art methods and apparatus and the
module permits testing of multiple components that can be
tested simultaneously without having to power up each

40 component individually.

BRIEF DESCRIPTION OF THE DRAWINGS

The above -mentioned and other features and objects of
45 this invention will be better understood from the following

detailed description taken in conjunction with the drawings
wherein:

FIG. 1 is a schematic front view of a sensor according to
one preferred embodiment of this invention.

50 FIG. 2 is a schematic rear view of the sensor shown in
FIG. 1.

FIG. 3 is a diagrammatic perspective front view of a
portion of a test fixture according to one preferred embodi-
ment of this invention.

55 FIG. 4 is a schematic of test apparatus according to one
preferred embodiment of this invention.

FIG. 5 is a flow chart of the operation of a device
according to one preferred embodiment of this invention.

FIG. 6 is a schematic top side view of a sensor according
60 to another preferred embodiment of this invention.

FIG. 7 is a schematic bottom side view of the sensor
shown in FIG. 6.

FIG. 8 is schematic representation of enclosure module
according to an embodiment of this invention for testing a

65 plurality of components.
FIG. 9 is a schematic representation of a sensor board

according to an embodiment of this invention.
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each other color receptor. Comparison of the counts for each
filter 20 thereby yields a wavelength and, thus, the color of
LED 15.
The following table provides typical measurements for

various colors of particular LEDs 15. 5

TABLE 1

Characteristics of Specific Colors of LEDs

10
LED Color Wavelength (nm) mcd Frequency (kHz) Vdc

Red 635 150 12.0 3.5
Amber 608 10 10.6 1.0
Yellow 585 150 9.38 2.8
Green 565 150 8.68 2.0
Blue 430 100 6.90 3.4 15

In addition, the wavelength of the color is converted to a
frequency. A relationship of the count relative to the fre-
quency of the single output signal is then calculated to 20
determine the color of LED 15. The frequency is further
encoded with a pulse width and a DC average of the pulse
width is measured to obtain the brightness of LED 15.

According to one preferred embodiment of this invention,
sensor 10 may additionally detect white light and provide a 25
signal indicating the presence of a broad range of colors in
the light and/or the brightness of white light. If a dominant
color is present within the white light, sensor 10 will
preferably indicate such dominant color within the single
output signal. 30

According to one preferred embodiment of this invention,
a method for determining a color and brightness of LED 15
may be used in connection with printed circuit board 90
having a plurality of LEDs 15. A corresponding plurality of
sensors 10 may thereby be positioned on test fixture 80 and 35
printed circuit board 90 is then preferably positioned within
test fixture 80 so that each sensor 10 is positioned directly
adjacent an LED 15. According to two common configura-
tions of LEDs 15 on printed circuit boards 90, LEDs 15 are
positioned so that a light emitting surface is either positioned 40
on an edge of printed circuit board 90 and thus perpendicular
to surface of printed circuit board 90 or positioned in an
interior area of printed circuit board 90 and thus parallel to
surface of printed circuit board 90. Depending upon such
configuration, probes 40, 50 and 60 may be correspondingly 45
configured to permit direct light access from LED 15 to
adjacent sensor 10. As such, probes 40, 50 and 60 may
include an entirely straight length, a partially straight length
or an entirely bent and/or curved length and/or some com-
bination thereof. 50

According to one preferred embodiment of this invention,
whether a light emitting surface of LED 15 is parallel or
perpendicular to printed circuit board 90, sensor 10 is
positioned at least approximately 0.10" away from the light
emitting surface and up to approximately 0.20" or more 55
away from the light emitting surface of LED 15. Factors
such as the strength of the light source, the intensity of the
light source and the amount of ambient light may result in
variations of a preferred position of sensor 10 relative to
LED 15. A center of an active region of sensor 10, likely a 60
center of the matrix of filters 20, is preferably aligned with
a center of a lens of LED 15.
As shown schematically in FIG. 5, a method 100 for

testing an output of LED 15 according to a preferred
embodiment of this invention includes positioning sensor 10 65
adjacent LED 15 having an unknown color and brightness.
As discussed above, sensor 10 includes a plurality of color

6
receptors, preferably arranged in a matrix. Prior embodi-
ments can accurately sample the LED in "DC Mode", where
the LED is biased with a constant current during the entire
time interval of the sample. The method of this invention can
also accurately sample the LED when the LED is biased
with current pulses, herein referred to as "Pulsing Mode."
The Pulsing Mode requires more complex sampling tech-
niques which can be time consuming.
The method starts by initiating sampling cycle 102 and

sampling the LED 15 until intensity stops rising 104. In a
preferred embodiment, the start of the LED sampling is
auto-triggered to start the LED sampling when LED turns
on. Auto-triggering eliminates the need for separate trigger-
ing signal or command. Auto-triggering also saves time by
terminating a sample cycle begun before the LED was
biased. In addition, an erroneous measurement is avoided by
not processing a corrupt sample.
The sample is taken 106 and evaluated to determine if the

LED is biased in DC mode 108. If in the LED is operating
in DC mode 110, the method 100 determines if the sampling
was completed 112. If the sample is not completed 114, the
method of this invention preferably re-takes the sample 106
and the process described above restarts. If the sampling is
completed 116, the method 100 converts wavelength of the
LED to frequency 118 and converts brightness of the LED
to pulse width 120. This step may include determining a
count for each color receptor of the plurality of color
receptors of the sensor. The device then converts a wave-
length of the color of the LED to a frequency. From the
frequency, the device preferably determines the brightness
of the LED from a relationship of the count relative to the
frequency. Next, the frequency is encodes to a pulse width
and the DC average of the pulse width is measured to obtain
the color of the LED. Lastly, a single output signal is sent
from the sensor that includes one or more determinations of
the color, brightness and/or presence of the LED.

If the LED is determined to not be operating in DC mode
122, the sample is further evaluated to determine a proper
sampling interval based on LED frequency and noise. In this
manner, the device according to this invention, adaptively
changes a sampling time of the LED based on frequency and
noise. If the LED is determined to not be operating in DC
mode 122, the LED is then checked to determine if the LED
is on 124. Specifically, the process 100 determines if the
sample is stronger than a current maximum. If the LED is on
126, the auto trigger mode restarts the sampling cycle 128
and the process above repeats.

If it is determined that the LED is off 130, the method 100
of this invention operates in non-DC mode, known as
pulsing mode or dynamic sampling mode, and a dynamic
sample is taken 134. First, the LED is then checked to
determine if it is on 136. If the LED is on 138, the auto
trigger mode restarts the sampling cycle 140 and the process
above repeats.

If in step 136, the LED is determined to be off 142, the
process determines if sufficient samples for pulsing/dynamic
sampling have been taken 144. If sufficient samples have not
been taken for pulsing/dynamic sampling 146, the process
returns to step 134, another sample is taken and the process
described above repeats.

If sufficient samples have been taken for pulsing/dynamic
sampling 148, the samples are filtered 150 based on LED
frequency and noise. Next, the method 100 converts wave-
length of the LED to frequency 118 and converts brightness
of the LED to pulse width 120. This step may include
determining a count for each color receptor of the plurality
of color receptors of the sensor. The device then converts a
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details described herein can be varied considerably without
departing from the basic principles of the invention.

I claim:
1. A method for determining presence, brightness and/or

color of components in a printed circuit board, the method
comprising:

connecting an enclosure module to the printed circuit
board, the enclosure module including a plurality of
sensor boards, each sensor board including a micro -
controller and a plurality of sensors and a plurality of
fiber optic cables, and each sensor including a plurality
of color receptors, wherein at least one of the plurality
of sensors is connected to a respective component with
one of the plurality of fiber optic cables;

providing an oscillator in combination with the plurality
of sensor boards to allow the microcontroller and the
plurality of sensors to operate at a high speed to detect
fast changes in light from the LED;

dynamically sampling with the plurality of color receptors
and the microcontroller a light output of each of the
components in a DC mode or a pulsing mode;

determining with the microcontroller a count for each
color receptor of the plurality of color receptors for
each sensor;

converting with the microcontroller a wavelength of a
color to a frequency for each component;

determining with the microcontroller a brightness of the
component from a relationship of the count relative to
the frequency for each component;

encoding with the microcontroller the frequency to a
pulse width for each component; and

measuring with the microcontroller at least one of a DC
average of the pulse width to obtain the brightness of
each component.

2. The method of claim 1, wherein at least one of the
components comprises an LED.

3. The method of claim 1, wherein the method begins with
an auto trigger start of the sampling when at least one of the
components turns on.

4. The method of claim 1, further including filtering
samples based on component frequency and noise.

5. The method of claim 1, connecting a plurality of the
enclosure modules as a daisy chain.

10
6. The method of claim 5, wherein the plurality of the

enclosure modules include only one input interface.
7. The method of claim 5, wherein the plurality of the

enclosure modules test up to 254 components.
5 8. An apparatus adapted to perform the method of claim

1, the apparatus comprising:
the enclosure module housing the plurality of sensor

boards, each sensor board including the microcontroller
and the plurality of sensors, each sensor including the

10 plurality of color receptors;
the plurality of fiber optic cables, each fiber optic cable

connected to a respective sensor and connectable to one
of the components in the printed circuit board;

15 an input providing power to the enclosure module;
the output for providing data regarding the presence,

brightness and/or color of components;
a processor connected to the sensors for calculating at

least one of the brightness and color of the components;
20 an oscillator connected to the processor to allow the

processor to operate at a high speed to detect fast
changes in a light from the component; and

wherein the apparatus operates in the DC mode when the
component is biased with a constant current and in the

25 
pulsing mode when the component is biased with a
current pulse.

9. The apparatus of claim 8, wherein at least one of the
components comprises an LED.

10. The apparatus of claim 8, wherein each sensor com-

30 
prises:

a plurality of clear receptors;
a plurality of red receptors;
a plurality of blue receptors; and
a plurality of green receptors.

35 11. The apparatus of claim 8, wherein the enclosure
module includes a daisy chain input and a daisy chain
output.

12. The apparatus of claim 11, wherein up to sixteen
enclosure modules are connected as a daisy chain.

40 
13. The apparatus of claim 8, wherein the enclosure

module includes the input, and wherein the input comprises
one of a USB and a serial interface.
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